NUTS NO3
nitrates in µmol l -1 NH4 ammonium in µmol l -1 PO4 phosphates in µmol l -1 PIT total inorganic phosphorus in µmolP l -1 [**] SIO dissolved silica in µmol l -1 OXY dissolved oxygen in µmol l -1 ZOO ZOR rotiferan-like zooplankton in mgC l -1 ZOC cladoceran-like zooplankton in mgC l -1 BACT BAG heterotrophic bacteria > 1µ in mgC l -1 BAP heterotrophic bacteria <1µ in mgC l -1 NIT ammonium oxidizing nitrifying bacteria in mgC l -1 NAT nitrite oxidizing nitrifying bacteria in mgC l -1 OC DOC1 rapidly biodegradable dissolved organic matter in mgC l -1 DOC2 slowly biodegradable dissolved organic matter in mgC l -1 DOC3 refractory dissolved organic matter in mgC l -1 POC1 rapidly biodegradable particulate organic matter in mgC l -1 POC 2 slowly biodegradable particulate organic matter in mgC l -1 POC 3 refractory particulate organic matter in mgC l -1 DSS low molecular weight directly assimilable organic substrates in mgC l -1 Benthic SIB biogenic non-living particulate (amorphous) silica in µmol l -1 BOC1 benthic (deposited) rapidly biodegradable organic matter in gC m -² BOC2 benthic (deposited) slowly biodegradable organic matter in gC m -² BOC3 benthic (deposited) refractory organic matter in gC m -² BPI benthic (deposited) inorganic phosphorus in mmolP m -² BBS benthic (deposited) biogenic silica in mmol m -² BFE benthic (deposited) faecal bacteria in 1000 m -² l -1 SED deposited inorganic material in g m -² FEL free living faecal bacteria in nb l -1 FEA attached faecal bacteria in nb l -1 N2O nitrous oxide in µmol l -1 NO2 nitrite in µmol l -1 CH4 methane in µmol l -1 IC CO2 (***) Carbon dioxide in mgC l -1 TA (***)
Total alkalinity in µmol l -1 DIC (***) Dissolved inorganic carbon in mgC l -1 (*) "Group" refer to generic group name provided in Erreur ! Source du renvoi introuvable. in this paper (**) An instantaneous equilibrium is considered for adsorption of ortho-phosphate on MES, so that PIT is the only primary state variable to be considered. (***) New state variable added in the RIVE model All biomasses (DIA, GRA, CYA, BAG, BAP, NIT, NAT, ZOR, ZOC) as well as organic matter pools (DOC 1-2-3, POC 1-2-3, BOC 1-2-3) are considered to have constant massic C:N ratios, namely C/N=7
S2: Modeling objects of the Seine basin
Fig. S1. PyNuts-Riverstrahler modeling objects. Eight "Axis" objects (main river branches, mapped with red hatching) and 72 "basin" objects (upstream tributaries connected to "axis" objects).
S3: Description of the inorganic carbon module implemented in pyNuts-Riverstrahler

The carbonate systems
The major dissolved forms of the carbonate system are CO 2 (aq) aqueous carbon dioxide, H 2 CO 3 (aq) carbonic acid, HCO 3 -(aq) bicarbonate ion, CO 3 2-(aq) carbonate ion.
The acid dissolution constants from the second and the third equations are, respectively: where is the water temperature in Kelvin (°K).
and:
Eq. 13
pH calculation
In the pyNuts-Riverstrahler model, pH had not yet been calculated. In the inorganic carbon module, we added the calculation of pH derived from Culberson (1980) to calculate the speciation of carbonate (Eqs. 9-11).
= 12 ℎ 10 6 DIC conv (conversion from mgC L -1 to µmol kg -1 ), where rho (kg m -3 ) is the water density from , Millero and Poisson, 1981) Eq. 16
Eq. 17
Eq. 20
Eq. 22
where Bor0 is the total dissolved boron concentration that can generally be ignored in freshwaters (Emiroglu et al., 2010) . "Xdiss", "Ydiss", "Zdiss" are the coefficient of the general Eq. 24
CO 2 flux calculation
The carbonate speciation function makes it possible to calculate the concentration in aqueous carbon dioxide (CO 2 ) (eq. 10).
The flux (gC m -2 h -1 ) of CO 2 at the interface of the river and the atmosphere is calculated as: (1974) . The CO 2 concentration in water ( 2 ) (mgC L -1 ) was calculated according to section 3.2. Carbonate system as a function of DIC". ℎ ( −3 ) is the water density calculated by the International One Atmosphere Equation (Millero and Poisson, 1981) .
The flux of CO 2 depends on the gas transfer velocity (k) that can be determined from the temperature-normalized gas transfer velocity ( 600 ). 600 is the gas transfer velocity at a water temperature of 20°C. Parametrization related to the gas exchange used 600 to compare systems excluding temperature's physical effect. According to Wilke and Chang (1955) and
Wanninkhof (1992), the gas transfer velocity (m d −1 ) can be calculated as:
= 600 . √ 600 2 ( ) Eq. 26 600 is the gas transfer velocity for a Schmidt number of 600 (m d -1 ), and 2 ( ) is the Schmidt number (dimensionless) calculated with the water temperature ( ) in Celsius (°) where k 600 (m d -1 ) depends on , the water velocity (m s -1 ).
In general, k 600 equations for rivers of widths greater than 100 m require wind velocity (e.g., Chu and Jirka, 2003; Alin et al., 2011; Raymond et al., 2012a) . At this stage the pyNuts Riverstrahler model does not consider the wind as an input, which would have required a much higher spatiotemporal resolution to reflect its heterogeneity in the Seine basin with the diurnal cycle affected by phenomena such as breeze (Quintana-Seguí et al., 2008) . Therefore, for river widths greater than 100 m, the k 600 equation from O' Connor and Dobbins, (1958) and where k 600 (m d -1 ) depends on , the water velocity (m s -1 ), and the river depth (m) and the coefficient "a". The coefficient was tested from 0 to 2 for SO6 and SO7. We found that SO6 
Parameters, constants and equations used in the inorganic carbon module.
S4 Representation of superficial MESO water bodies
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